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Table 2 Single-deletion lines and fraction length (FL) values. All lines are homozygous unless otherwise indicated. Data were taken
from Endo and Gill (1996)

4531L1 4BL-1 0.86
4532L3 4DS-3 0.67
4532L1 4DS-1 0.53
4533L13 4DL-13 0.56
4534L3 5AS-3 0.75
4535L12 5AL-12 0.35 Hemizygous
4535L10 5AL-10 0.57
4535L17 5AL-17 0.78
4535L23 5AL-23 0.87
4536L6 5BS-6 0.81
4536L5 5BS-5 0.71
4536L8 5BS-8 0.56
4537L6 5BL-6 0.29 Hemizygous
4537L1 5BL-1 0.55 Hemizygous
4537L14 5BL-14 0.75
4537L9 5BL-9 0.76
4537L16 5BL-16 0.79
4538L2 5DS-2 0.78
4538L5 5DS-5 0.67
4538L1 5DS-1 0.63
4539L1 5DL-1 0.60
4539L5 5DL-5 0.76
4541L2 6AL-2 0.89
4542L2 6BS-2 1.05
4542L6 6BS-6 1.02
4542L5 6BS-5 0.76
4543L5 6BL-5 0.40
4543L6 6BL-6a 0.79
4544L2 6DS-2 0.45
4545L6 6DL-6 0.29
4511L5 7AS-5 0.59
4547L1 7AL-1 0.39
4548L1 7BS-1 0.27
4551L4 7DS-4 0.61
4551L5 7DS-5 0.36 Hemizygous
4550L5 7DL-5 0.30
4550L2 7DL-2 0.61

TA no. Deletion FL value Note

Results

The 101 deletion lines selected for this study divide 
the 21 chromosomes of wheat into 159 deletion inter-
vals, i.e. 159 chromosome bins. An average of 7.6 bins
is assigned to each chromosome, which allows the
mapping of EST loci to any possible chromosome 
region. A total of 526 EST clones were hybridized 
to an array of nullisomic-tetrasomic, ditelosomic, and
deletion lines; 493 of these clones were informative. 
A total of 2,413 restriction fragments were detected,
and 1,951 loci were assigned to 150 of the 159 chromo-
some bins and tagged with molecular markers. Six 





Molecular genetic characterization 
of previously described deletion lines

Of the 74 single-deletion lines, del3AS-3, which has a
distal terminal deletion (FL 0.71), is actually nullisomic
for the entire 3AS arm. All RFLP fragments assigned to
the group-3 short arms were missing in del3AS-3. The



confirmed in this study. The secondary deletion 5AS-6
(FL 0.97) was not detected because no EST clone used
in this study mapped distal to del5AS-6. Three second-
ary deletions, del1BS-4, del1AS-5 and del3DS-7 are re-
ported as proximal deletions, but clones mapping to dis-
tal regions of the corresponding chromosome arms did
not detect specific fragments missing in these deletion
lines. These deletions are identified incorrectly.

In the six triple-deletion lines, all primary, secondary
and tertiary deletions were confirmed except for del5AS-8.
Similar to the secondary deletion del5AS-6, del5AS-8 



Three ESTs, KSU042BF146221, UNL054BG274305,
and UMC085BG275030, detected the specific 2BS frag-
ments missing in 2BS4, but present in 2BS3 (Fig. 2) in-
dicating that the deleted fragment in del2BS-4 is larger



only one EST clone (Table 4). The absence of restriction
fragments expected in these lines may result from either
polymorphism or very small deletions and needs to be
confirmed with additional markers. New deletions that

were detected with at least two EST clones were found
in 26 deletion lines (Table 5). Of these, 21 lines had one,
and 3 lines had two new deletions. One new deletion and
one translocation chromosome were identified in
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Table 5 New deletions in known deletion lines detected by EST clones

Stock New deletion EST clone detecting Ratioa Location (bin) of EST 
new deletion clone
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TA4526L3 3DS-3 3AL KSU012BE442818 7/20 3AL5–0.78–1.00
KSU012BE442875
KSU024BE499186
KSU027BF482769
KSU030BE497740
KSU030BE499696
KSU030BE485004

TA4536L5 5BS-5 3AL KSU012BE442818 7/20 3AL5–0.78–1.00
KSU012BE442875
KSU024BE499186
KSU027BF482769
KSU030BE497740
KSU030BE499696
KSU030BF485004

TA4516L5 2AS-5 3BS KSU035BE403373 2/6 3BS9–0.57–0.78
KSU035BE403471

TA4516L5 2AS-5 3BS KSU002BE425222 4/4 3BS8–0.78–1.00
KSU019BE422466
KSU035BE517903
KSU038BE446244

TA4529L5 4AL-5 3BL KSU019BE494450 2/20 3BL7–0.63–1.00
KSU019BE442624

TA4544L6 6DS-6 3BL KSU012BE442875 3/20 3BL7–0.63–1.00
KSU024BE499303
KSU024BE405348

TA4521L9 2DL-9 4AL KSU001BE443412 9/14 4AL4–0.80–1.00
KSU001BE444470
KSU001BE442648
KSU012BE406897
KSU024BE498428
KSU024BE499049
KSU030BE490186
KSU035BE497624
KSU038BE443120

TA4513L1 1BL-1 4AL KSU001BE443412 8/14 4AL4–0.80–1.00
KSU001BE444470
KSU001BE442648
KSU012BE406897
KSU024BE498428
KSU024BE499049
KSU030BE490186
KSU038BE443120

TA4541L2 6AL-2 4AL KSU001BE443412 7/14 4AL4–0.80–1.00
KSU001BE444470
KSU001BE442648
KSU012BE406897
KSU024BE499049
KSU030BE490186
KSU038BE443120

TA4526L3 3DS-3 4AL KSU001BE444470 2/14 4AL4–0.80–1.00
KSU030BE490186





del5BL-6. Two new interstitial and three new distal dele-
tions were observed in del5BL-1 (Table 5). Twenty chro-
mosome arms are involved in the new deletions, includ-
ing 1AS, 1AL, 1DL, 2AS, 2AL, 2BS, 2BL, 2DS, 2DL,
3AL, 3BS, 3BL, 4AL, 4BL, 4DL, 6AS, 6AL, 6DS, 6DL,
and 7AS. Most of the new deletions were detected by



Chromosome 4A

The new terminal deletions for 4AL were observed in four
lines, del2DL-9, del1BL-1, del6AL2, and del3DS-3. The
li a wediffer-The

Chromosome 4A



del5BL-1, and del5BL-9 are in the distal region of the
6DL arm; all have different breakpoints (Fig. 2, Table 5).

Homoeologous group 7

Only one terminal deletion was observed for 7AS.

Chromosome 7A

Del3BL-10 has the new terminal deletion for 7AS. Three
of the 16 ESTs that mapped to the distal region of 7AS



striction fragments absent in Dt4AL. The 7DS fragments
absent in Dt4AL were detected by two ESTs, one of
which may result from polymorphism (Fig. 3).

Discussion

The aneuploids of bread wheat, including nullisomic-
tetrasomic and ditelosomic lines (Sears 1954, 1966; Sears
and Sears 1978), have been extensively used to assign
genes and molecular markers to individual chromosomes
and chromosome arms. Chromosome aberrations detected
in these genetic stocks were summarized by Devos et al.
(1999). Terminal deletions in N1AT1D, Dt2AS, Dt2BL,
and Dt4AS discovered in our study are in agreement with
previous results. Additionally, we found that Dt4AL has

interstitial and terminal deletions in the 4AL arm.
N5BT5D maintained at WGRC has interstitial and termi-
nal deletions in the 7AS arm, a small interstitial deletion
in 2AL, and putative terminal deletions in 1AL, 1DL, and



With the discovery and application of gametocidal
chromosomes (genes; reviewed in Endo 1990), Endo and
Gill (1996) isolated 436 different terminal deletions 
covering all 21 chromosomes of wheat opening a new
era in localizing genes to specific chromosome seg-
ments. The cytogenetic analysis is not sensitive enough
to detect some smalleropening a oRnh thelastropcade, moreh

to the peng-



Gill BS, Friebe B, Endo TR (1991) Standard karyotype and no-


